Theoretical Formulation (a) Derivation of Mcrack for curved hollow trunk subject to curvature-decreasing bending
We follow the procedure presented in our earlier work to derive the bending moment for cracking failure [1] . Figure 2b shows the schematic of initially curved hollow trunk subject to curvaturedecreasing bending. The bending deformation of the trunk induces longitudinal compressive stress on the convex side and tensile stress on the concave side of the trunk, assuming that the change of curvature, c , is smaller than the initial curvature, c, so that the trunk does not flip over. The tensile and compressive stresses both create transverse outward forces pulling away from the x axis, i.e., the neutral axis (figure 2d). These transverse forces are body forces and tend to flatten the cross section to form an oval with its long axis lying on the y axis ( figure 2b and figure 1d ). The outward force dF per unit axial length and a circumferential width of Rd set up by the longitudinal bending stress, L  , induced by a bent trunk with a final curvature f c c c
where ' c M is the bending moment that creates a curvature change of c .
Due to symmetry only one quarter of the ring is considered. The internal normal force per unit length
The magnitude of the tangential bending moment M0 per unit length acting on the axial-radial plane at  = 0 is statically indeterminate, and can be calculated using the Castigliano's theorem. By using M() as the moment of unit length at an angle  from the x axis (figure 2f) and Iz as the moment of inertia of unit length of the cross section, the strain energy U per unit length for one quarter of the section is
and the moment M() is given by
Owing to the condition of symmetry the cross section at  = 0 does not rotate during bending, such
At  = 0, the normal stress distribution on the axial-radial plane can obtained by superposing the stress (1) due to the normal force F and the bending stress (2) due to the bending moment M0 as follows 0 12 22
Tangential cracking occurs when  = σT, the tangential component of tensile strength perpendicular to grain, or tangential tensile strength for short.
Equation (S9) is rearranged as
Substituting for F from equation (S2) into equation (S10), we obtain the bending moment ' crack = c MM at which the tangential cracking is initiated at  = 0 crack crack 2 2 2 crack ( ) 2 ( ) = for 0 and 1 1 1
Note that equation (S11) is equation (2.14) in the main text. can also be expressed by equation (S1). Following the procedure presented above for the curvaturedecreasing case, we obtain the bending moment ' crack = c MM at which the tangential cracking is initiated
Note that equation (S12) is equation (2.2) in the main text. Unlike the curvature-decreasing case, the tangential cracking in this case is initiated at  = /2 and does not have a contribution from the normal force F. 
